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Abstract 
 Mandy and Lai (2015) do the field a service in ‘reclaiming’ the role of pre- and post-
natal environmental influences on the aetiology and course of autism spectrum conditions 
(ASC).  This follows several decades where now discredited theories about putative 
psychogenic and biological disease models held sway, not least in the public mind.  We 
discuss issues that arise from their review; including the need to identify how large the 
environmental influences on ASC are likely to be; the specificity of these environmental 
influences to ASC as opposed to a broader range of neurodevelopmental conditions and 
outcomes; how best to study complex interactions between genetic and environmental 
influences; and the promise of novel insights into their mechanisms of action.  The review 
highlights current research that aims to better our understanding of the role of environmental 
factors in the aetiology and course of ASC and, in the near future, may offer the potential for 
personalised medicine approaches to intervention based on these discoveries. 
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Mandy and Lai (2015) provide a state-of-the-art summary of current knowledge of 
environmental influences on the emergence and course of autism spectrum conditions (ASC).  
This is important for several reasons; most notably because over several decades unfounded 
and now discredited theories about the role of the environment in ASC held sway, both over 
public perceptions and also in some arenas of clinical science and practice.  These theories 
have ranged from the psychogenic notion put forward by Bettleheim of ‘refrigerator 
mothers’; to biological disease models such as the causal association with measles, mumps 
and rubella (MMR) vaccines proposed by Wakefield.  Mandy and Lai (2015) summarise the 
evidence that now discounts these particular theories but the ripples that followed the 
promulgation of such ideas have had a long effect both on public and media perceptions and 
on what kind of science is undertaken in the field.  By this we mean that for periods of time 
psychologists shied away from examining the role of family and parenting environmental 
influences on the developmental course of ASC.  At the same time, suspicion was sometimes 
cast on those researching putative biological environmental factors in case they were going to 
‘do another Wakefield’, in particular when this might change public health behaviour for the 
worse, as was the case for MMR.  This timely and extensive review thus provides a potential 
springboard for research on the role of environmental factors in ASC.  In our commentary, 
we highlight four key questions that arise out of the literature reviewed. 
 
How big is the environmental influence on ASC? 
 
Quantification of the magnitude of environmental influence on ASC relies on 
heritability estimates computed traditionally using twin studies.  The early estimates for the 
genetic component were considerably higher (e.g., ~90% by Folstein & Rutter, 1977) than 
more recent ones (e.g., ~50% by Hallmayer et al., 2011).  The reason for such a trend of 
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decreasing heritability estimates might lie in the choice of instrument for defining the 
phenotype, as discussed by the authors.  Another potential explanation for this trend could be 
the increasingly better identification of neurogenic conditions commonly associated with 
ASC (e.g. Fragile X, Tuberous Sclerosis), which tend to be excluded from recent twin studies 
of ASC (Hallmayer et al., 2011).  Stratifying by severity of symptoms leads to varying 
estimates of the additive genetic (and consequently, environmental and interaction) 
component in ASC; pointing to a larger impact of genetic factors in the extreme end of the 
autistic spectrum (Frazier et al., 2014).  This trend is suggestive of an increase of 
phenocopies in the broader spectrum, i.e. similar phenotypes arising out of distinct genetic 
and environmental determinants.  It is also worth noting that heritability estimates from twin-
based studies differ considerably from those using recent genomewide methods (SNP-based 
heritability estimates) due to the former including potential non-additive genetic effects 
(Viding et al., 2013).  Finally, aspects of ASC-related behaviour (e.g. theory of mind) show 
widely different estimates of the genetic and environmental components depending on the 
age at which the phenotype is measured (Hughes et al., 2005).  In sum, the magnitude of the 
environmental influence on ASC is likely to depend on a) the choice of the phenotypic 
instrument, b) inclusion/ exclusion criteria based on severity of symptoms, as well as existing 
neurogenic conditions (for syndromic forms of ASC), c) choice of study design (SNP-based 
or twin-based), and potentially d) the age of the sample. 
 
How important is the specificity of the risk factors for ASC? 
 
One theme mentioned only briefly in the review, due to its focus on ASC, is the 
extent to which many of the environmental influences are also likely to play a role in the 
emergence and developmental course of a wide range of neurodevelopmental conditions.  For 
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example, increased paternal age has been shown to be associated with a wide range of 
neurodevelopmental disorders in addition to ASC, including attention deficit hyperactivity 
disorder (ADHD), bipolar disorder and psychosis (D'Onofrio et al., 2014).  The effect is at 
least in part likely due to increased rates of sporadic genetic mutations during 
spermatogenesis with advancing age.  Similarly, traffic related air pollution has also been 
associated with higher levels of ADHD and conduct problems in mid-childhood (Newman et 
al., 2013).  
It is now well established that co-occurrence of neurodevelopmental disorders is the 
norm and not the exception.  For example, in childhood ,intellectual disability, ADHD and 
anxiety are common in children with ASC.  What is required in order to elucidate the role of 
environmental factors, and gene-environment interactions and correlations, in the aetiology 
of ASC but also more broadly in neurodevelopmental disorders, is to understand the common 
systems that are disrupted in this range of conditions and what common and distinct 
mechanisms affect these from early in prenatal neurodevelopment.  Single gene disorders 
(e.g., fragile X syndrome, tuberous sclerosis) and copy number variants (CNVs) (e.g., 
22q11.2 and 16p11.2) that are strongly associated with ASC act on synaptic development, 
plasticity and signalling and represent one ‘common pathway’ through which perturbations to 
developing brain systems can lead to ASC and other neurodevelopmental disorders (Moreno-
De-Luca et al., 2013).  Understanding how the environmental factors involved in the 
development of ASC may also impact on similar, or distinct, neural development and 
pathways will help tease apart how common and rare genetic and environmental factors 
might work, as well as identify potential treatment targets. 
The recently suggested Research Domain Criteria (RDoC) framework provides a 
useful lens to view the evidence presented.  A question that arises from this perspective is the 
utility of focussing on the specificity of the risk factors for ASC.  An alternative way to 
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conceptualise risk factors might be based on the separate dimensions associated with extreme 
values in individuals with ASC (e.g., social-communicative behaviour, repetitive behaviour).  
Instead of asking whether an environmental factor increases the risk for ASC specifically, 
this alternative approach would address the impact of the risk factor separately on social-
communicative behaviour and repetitive behaviour, and the developing neural and cognitive 
systems that underlie such behaviour.  Focussing on such separable dimensions can arguably 
lead to two potentially useful outcomes.  First, it can lead to aetiological insights that span 
across traditional psychiatric diagnostic categories.  Second, it can help move toward 
individualised interventions by addressing specific environmental factors for individuals with 
deficits in a given dimension, irrespective of their specific diagnostic category.  The 
challenge with this alternative approach is that of developing robust assays that capture the 
population-level variability in the separate dimensions of interest, as well as population-level 
variation in the susceptibility to various environmental risk factors.  
 
How best to study gene environment interactions and correlations? 
 
The role of gene-environment interactions and correlations in the aetiology and course 
of ASC will only be uncovered when studies are able to adopt a multi-generational approach.  
A recent study has reported intriguing new findings indicating not only a role for increasing 
paternal and maternal age for increasing risk of their offspring having an ASC but also 
increased risks in younger mothers (< 20 years) and when there is a wider discrepancy 
between parental ages (Sandin et al., 2015).  The authors discuss possible mechanisms for 
these findings and they include possible gene-environment interaction and correlational 
effects in that for both men and women traits such as shyness and aloofness, that are seen at 
increased rates in family members of individuals with ASC compared to the general 
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population – where they are referred to as the ‘broader autism phenotype’ (BAP) – may affect 
when a person establishes an intimate relationship and has children, confounding the 
association between parental age and risk of ASC that goes beyond a simple environmental 
‘ageing’ explanation.  Further illustrating GxE interactions, the authors discuss the promising 
work on MET gene variability and susceptibility to traffic pollution (TRAP) (Volk et al., 
2014).  Earlier work by Persico and others have demonstrated a similar GxE interaction in 
Paraoxonase (PON1) genetic variability and exposure to organophosphates in increasing risk 
for ASC (D’Amello et al., 2005).  Future studies should build on these pioneering studies in 
systematically examining the impact of the environmental risk factors on common and rare 
variations on the full set of ASC-related genes (SFARI Base http://sfari.org/resources/sfari-
base; Autworks http://autworks.hms.harvard.edu/).  
 
What insights do environmental factors provide on the underlying mechanisms for the 
development of ASC? 	  
Early neurodevelopment is a candidate process believed to be associated with 
atypicalities in ASC.  Environmental contributions to such atypicalities may operate through 
epigenetic mechanisms, as discussed by the authors (e.g. impact of prenatal valproate 
exposure on methylation profile of the Wnt signalling pathway, as well as a putative 
mechanism to explain the maternal age effect).  However, the tissue or gene specificity of  
these epigenetic influences remains less well known, i.e. are these effects restricted to brain-
expressed genes, and/or if such effects are maximal in a subset of brain-expressed genes that 
have been previously linked to ASC?  If these effects are observed in tissues other than the 
brain, then studying the gene methylation profiles in such tissues (which are often easier to 
collect/measure) could be an informative direction for future research.  
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At a cellular level, the authors mention the role of microglial activation as a 
mechanism through which the immune system can influence early neurodevelopment.  
Prenatal sex hormones influence microglial activation, thus providing a potential mechanism 
through which hormonal effects are manifested in a developing brain (Baron-Cohen et al., 
2015).  Microglia deserve a special mention in the discussion of mechanisms for early 
neurodevelopment.  In addition to being a key player of the immune system in the brain (in 
response to injury, pathology, or infection), microglia play a central role in the pruning of 
synapses (Salter & Beggs, 2014). Atypical synaptic pruning is a putative mechanism for 
atypical neurodevelopment seen in ASC (Thomas et al., in press).  It would therefore be of 
interest to examine if and how the range of other environmental factors reviewed by the 
authors, can influence microglial activation.  
Conclusion 
In conclusion, Mandy and Lai provide a comprehensive walk through of current 
research that aims to better our understanding of the role of environmental factors in the 
aetiology and course of ASC. This review opens up fundamental questions for future 
research, which, in the near future, may offer the potential for personalised medicine 
approaches to intervention based on these discoveries. 
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